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“. . . ambient monitoring and assessment “. . . ambient monitoring and assessment 
should function to support all relevant should function to support all relevant 
water quality management programs in water quality management programs in 
addition to its more commonplace role of addition to its more commonplace role of 
supporting status assessmentssupporting status assessments.” .” 

Key Premise

“M&A program design in some states has “M&A program design in some states has 
been driven predominantly by statusbeen driven predominantly by status.”.”

Key Finding



Purpose and Topics
Determine general status of region V State 
monitoring & assessment programs for ALUS

• Status and Trends
• Reporting and Listing
• Water Quality Standards
• Assessment and Integration
• Biological Assessment & Biocriteria



Goals and Desired Outcomes

• Achieve better integration between monitoring 
& assessment and WQS – will foster consistent 
use of M&A in programs

• Better M&A support for all water programs
• Improved delineation along Biocondition 

Gradient (BCG)
• Refined designated uses – benefits to programs
• Improved determination of status and trends
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How Is Monitoring & Assessment 
Affecting Water Quality Management?

Is the overall approach “adequate”?

• Assessment process
• Indicators – ability to measure condition & 

support inferences about causal relationships
• Resolution – pass/fail or continuous gradient?
• Spatial scale issues



Method and Approach 

• State interview process – January 2002
• Review of State program documentation
• State Bioassessment Programs: Success of 

EPA’s Technical Transfer Efforts and 
Building State Capacity



Relevancy to Other EPA Issues
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Adequate Monitoring & Assessment

Important Precursors & Sources

• ITFM process & resources (NWQMC)
• Important Concepts & Elements . . . Adequate 

M&A (EPA/ASIWPCA)
• CALM process (EPA)
• National Research Council Science in TMDLs
• Recent EPA developments and leading State 

program models



National Academy of Sciences 
Committee to Assess Science in TMDLs1

Two Major WQ Program Areas Identified as 
Needing Improvement: 

• Refined designated uses
• UAA process
• Biological criteria

Water Quality Standards

Monitoring and Assessment

1NRC (2001).  Assessing the TMDL Approach to Water Quality Management

• “Adequacy” in terms of concepts and elements
• Appropriate roles of ambient indicators



Symptoms of An Incomplete Foundation 
in Water Quality Management

• General uses and criteria (one-size-fits-all)
• Reliance on prescriptive approaches
• Reliance on anecdotal information
• Emphasis on administrative outcomes
• Point source & pollutant focused - translation of
concepts to nonpoint sources and TMDLs

• Inconsistent environmental statistics reported 
between States (305b, 304l, 303d, etc.)

• Gross dissatisfaction with listings (too many,
too few)



Fundamental Objectives of Adequate 
Monitoring and Assessment Approaches

• Collect and analyze baseline information.
• Establish cause/effect (causal associations).
• Compare results to criteria and goals (use attainment).
• Publish results - statewide, regional, site-specific.

Function:  Surface Water Assessment

• Attainability analyses and criteria development (maintain WQS).
• Formulate and revise abatement strategies (TMDL development).
• Assess effectiveness of programs (WQ Management).

Function:  WQ Mgmt./Pollution Abatement

• Monitor to determine compliance.
• Monitor to support enforcement.

Function:  Compliance Evaluation

after 40CFR Part 35 (deleted in 1990?)



Conceptual Underpinnings

• Karr’s five factors – Water Resource Integrity
• Stressor – Response model
• Biological condition gradient
• Adequate monitoring & assessment
• Hierarchy of indicators
• Results driven management outcomes
• The Product is an integrated assessment
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The Five Major Factors Which Determine the 
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The Linkage From Stressor Effects 
to Ecosystem Response

STRESSORS EXPOSURE RESPONSE

BIOLOGICAL RESPONSE 
SIGNATURES:  Complex Toxic vs. 
Municipal WWTP

after Yoder and Rankin (1995)
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SIGNATURES:  Complex Toxic vs. 
Municipal WWTP

after Yoder and Rankin (1995)
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STRESSORS EXPOSURE RESPONSE
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• Fish Assemblage  • Macroinvertebrates  • Periphyton
(Use Community Level Data From At Least Two)

Physical Habitat Indicators
• Channel morphology  • Flow
• Substrate Quality  • Riparian

Chemical Quality Indicators
• pH • Temperature
• Conductivity • Dissolved O2

For Specific Designated Uses Add the Following:

HUMAN/WILDLIFE CONSUMPTION
Base List:
• Metals (in tissues)
• Organics (in tissues)

CORE INDICATORS

AQUATIC LIFE
Base List:
• Ionic strength
• Nutrients, sediment
Supplemental List:
• Metals (water/sediment)
• Organics (water/sediment)
• Chlorophyll a

RECREATIONAL
Base List:
• Fecal bacteria
• Ionic strength
Supplemental List:
• Other pathogens
• Organics (water/sed.)
• Chlorophyll a

WATER SUPPLY
Base List:
• Fecal bacteria
• Ionic strength
• Nutrients, sediment
Supplemental List:
• Metals (water/sediment)
• Organics (water/sed.)
• Other pathogens
• Chlorophyll a
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taxa; shifts in relative abundance; ecosystem level functions fully 
maintained through redundant attributes of the system.

Natural structural, functional, and taxonomic integrity is preserved.

Human Disturbance GradientLOW HIGH

Extreme changes in structure; wholesale changes in 
taxonomic composition; extreme alterations from 
normal densities; organism condition is often poor; 

Tiered Aquatic Life Use Conceptual Model: Draft Biological Tiers
(10/22 draft)

proposed CWA protection 
& propagation threshold
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Structure and function similar to natural community with some additional 
taxa & biomass; no or incidental anomalies; sensitive non-native taxa may 
be present; ecosystem level functions are fully maintained

Moderate changes in structure due to replacement 
of sensitive ubiquitous taxa by more tolerant taxa; 
overall balanced distribution of all expected taxa; 
ecosystem functions largely maintained.

Sensitive taxa markedly diminished; 
conspicuously unbalanced distribution of 
major groups from that expected; organism

condition shows signs of physiological 
stress; ecosystem function shows reduced 
complexity and redundancy; increased 
build up or export of unused materials.

anomalies may be frequent; 
ecosystem functions are 
extremely altered.



1. Management actions

2. Response to management

3. Stressor abatement

4. Ambient conditions

5. Direct exposure to effects  
of pollution

6. Biological response

Administrative indicators
[permits, plans, grants, enforcement,
[technologies used, BMPs installed]

Endpoint of Concern: “ecological health”

Stressor indicators
[effluent reduction, changes in     
land-use practices]

Exposure indicators
[pollutant conc., flow or physical 
habitat alteration, assimilation 
and uptake of pollutants, 
reduced spawning habitat, 
nutrient dynamics changes, 
sedimentation effects, etc.]

Response indicators
[biological metrics, multimetric 
indexes, target species, other 
biological measures]

Measuring and Managing Environmental 
Progress: Hierarchy of Indicators



Elements and Concepts of Adequate 
Watershed Monitoring & Assessment
• Concept driven – Karr’s five factors
• Cost-effective indicators, yet comprehensive
• Indicator discipline – adherence to roles (stress, 

exposure, response) 
• Key indicators tied to WQS (uses and criteria)
• Adapts quickly to improved science & technology
• Adequate resources, facilities, and professionalism
• Spatial design matches scale of management
• Product is the assessment, not just the data



Administrative Outputs vs. Resource
Outcomes Based Management

Goal:

Measures:

Results:
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(Program execution)
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(Reduce backlogs,
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Environmental Performance
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(Biological, Chemical, Physical)

Programs are Tools to
Improve the Environment
(Admin. actions evaluated by
changes in env. indicators)
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OUTPUTS 

APPROACH

RESOURCE 
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Initial Findings
• All states have M&A programs – resources vary
• Status assessment drives some M&A programs
• Others emphasize program support
• Only one state reports aggregate trends
• One state with true tiered uses, one with multiple 

fishery uses, four with general uses
• Priority on administrative outcomes
• All states have biological programs – vary widely
• Biocriteria development issues
• Incentives and disincentives



Next Steps and Tasks

• Use report as a tool to work with States to deal 
with issues identified by the report

• Expand work with State biological assessment 
working group – expand tech. transfer

• Technical assistance to States:  March - May ‘04
• Applied research on key issues
• Involvement in national program – (TALU/BCG, 

bioassessment technical elements, CALM, etc.)


